Mesenchymal stem cells (MSCs) are a new and promising tool for therapy of autoimmune disorders. In recent years their possibility to take part in the modulation of the immune response is discussed. The exact mechanisms for immunoregulation realized by MSCs are not clear yet, but interactions with other immunoregulatory cells may be involved in this process. The investigation of the influence of MSCs on the expression of FoxP3 and cytokine secretion by T helper cells was the aim of this study. T helper cells were isolated from PBMCs by magnetic separation and MSCs were isolated from human adipose tissue, and CD4+ T cells were cultured with conditional medium of MSCs. The methods which were used include flow cytometry, ELISA, and Human Proteome profiler kits. The results demonstrated that secretory factors in MSCs conditional medium lead to increased expression of FoxP3 and increased secretion of IL-10 by T helpers. The obtained results give us opportunity to discuss the interaction between two kinds of immunoregulatory cells: MSCs and FoxP3+ T helpers. We suppose that this interaction leads to increased number of immunosuppressive helpers which secrete IL-10. MSCs provide some of their immunosuppressive functions acting on T regulatory cells, and we believe that IL-6 secreted by MSCs is involved in this process.
Introduction
The process of immunomodulation is of utmost importance for sustaining the immune homeostasis in the organism, and detailed knowledge about the precise mechanisms of this process can bring about a better and more efficient therapy of the autoimmune diseases. Regulation of the immune response is accomplished by a number of cell subtypes and secreted factors as a lot of attention in the last years is focused on the role of the mesenchymal stem cells (MSCs) [1] [2] [3] . Numerous papers have reported data proving the important immunoregulatory functions of the human MSCs. It has been established that MSCs inhibit the proliferation of T and B cells, the production of H 2 O 2 from neutrophils, the secretion of immunoglobulins, T and NK cytotoxicity as well as the differentiation and maturation of monocytes into dendritic cells. Also, the immunosuppression caused by the MSCs affects the secretion of cytokines which is biased to Th2 dominance with secretion of IL-10 and IL-4 while the secretion of IFNγ and TNFα is suppressed [3] [4] [5] [6] [7] . The precise mechanisms of the MSCs immunosuppressive effect have not been clarified yet. Specific roles of secreted factors such as IDO, IL-6, TGFβ, LIF, INOs, PGE2, HLA-G [3, [5] [6] [7] [8] have been assigned, and the role of direct cellto-cell contact between the MSCs and the targeted cells is discussed [9, 10] . However, besides data about the direct inhibitory effects of MSCs, there are data published on some indirect inhibitory effects which are mediated through influencing other immunoregulatory cells. Previous studies in our laboratory have demonstrated that MSCs inhibit the differentiation of monocytes to dendritic cells and downregulate the expression of molecules related with the antigen presentation and the expression of CCL-3 and CCL-4. These experiments showed that the effect of MSCs isolated from adipose tissue (AT-MSCs) is stronger in comparison to MSCs isolated from human bone marrow (BM-MSCs) [11] . Some indirect immunosuppressive effects of MSCs seem to be due to their influence on the classical immunoregulatory CD4+FoxP3+ cells generally referred to as Tregs. The last decade witnessed some significant development of the idea for the T regulatory cells. Along with the Th3 cells secreting TGFβ and Tr1 secreting IL-10 [12, 13] a role was established for CD4+CD25+ T lymphocytes which exert immune suppression via CTLA-4, TGFβ, and/or IL-10 [14] [15] [16] [17] . Later on an intracellular transcription factor FoxP3 was identified as a more precise marker for the T regulatory subpopulations [18] [19] [20] . It has been established that about 2% of CD4+ cells express FoxP3 [18] , and it is related to the differentiation of Tregs and exerts direct functional immune suppression [13, 17, 21] . Recently, the role of CD25 molecule as a marker for suppressive subpopulations has raised some doubts. It is clear that the lack of surface expression of CD127 more accurately correlates with FoxP3, and this can be found even in CD25 negative cells [18, 22, 23] . Even more in patients with systemic lupus erythematosus (SLE) both CD4+CD25+FoxP3+ and CD4+CD25−FoxP3+ cells with expressed immunosuppressive properties have been identified [24, 25] . That is the reason Tregs are more often designated as CD4+FoxP3+. The molecular mechanisms of immunosuppression exerted by CD4+FoxP3+ cells have not been identified but it is quite obvious that these mechanisms include the secretion of TGFβ and/or IL-10 [12, [17] [18] [19] .
Some published data seem to show that under the influence of MSCs the number of the CD4+FoxP3+ cells is increased, and these cells produce the immunosuppressive cytokine IL-10, and thus MSCs exert indirect immunosuppressive effect [2, 7, 9, 10, 26] .
The aim of the present study is to analyze the effect of conditioned medium of AT-MSCs on the expression of FoxP3 molecule and the secretion of cytokines by a homogeneously purified subpopulation of CD4+ T lymphocytes. Additionally the factors secreted from the AT-MSCs are analyzed with the view of their putative effect on the changes in the CD4+ T lymphocyte populations.
Materials and Methods

Materials.
Samples of peripheral blood were collected by venepuncture from 12 healthy volunteers, and 12 samples of human adipose tissues were collected during hip surgery.
In both cases the samples were taken after a signed informed consent from the donors according to the regulations in this country.
Mesenchymal Stem Cells.
Mesenchymal stem cells from adipose tissue were isolated, cultured, and phenotyped following strictly the generally accepted laboratory protocols and most of all the protocol developed in our laboratory [4] .
Conditioned Medium.
After forming a monolayer the AT-MSCs were detached after treatment with Trypsin EDTA (1 : 250) (PAA, Austria) and seeded in 6-well plate (passage 1) at concentration 3-5 × 10 4 cell/well in DMEM medium supplement with 10% foetal bovine serum and antibiotics (PAA, Austria). The cells were cultured until reaching 80% confluency as the culture medium was changed every 48 hours. After the last change of the medium, the 80% confluent cells were further cultured for 48 hours, and the medium designated as "conditioned AT-MSC medium" was collected. Thus the conditioned AT-MSC medium contained DMEM, FBS, and any factors secreted by the nonactivated AT-MSCs. This procedure was strictly followed in 12 independent experiments performed with T cell isolated and purified from 12 individual donors and 12 different samples of conditioned medium obtained as described above.
Isolation of T Helper Lymphocytes.
PBMCs (peripheral blood monocytic cells) were isolated from peripheral blood by density gradient centrifugation (Ficoll-Paque PLUS, GE Healthcare). The isolated cells were used for purification of CD4+ T lymphocytes using magnetic separation with MACS kits (Miltenyi Biotec, Bergisch-Gladbach, Germany). Initially, CD14+ monocytes were discarded from PBMCs by positive selection with anti-CD14-microbeads and the flow through fraction was collected. CD4+ cells were enriched from the resulting CD14− cell fraction using anti-CD4-microbeads and the enriched CD4+ cell fraction was further characterized by flow cytometry mostly with regard to the expression of CD3/CD4 markers.
Cell Cultures.
The isolated T helpers (Th) were cultured for 48 hours in conditioned medium from AT-MSCs at the first passage cultured for 48 hours. Control T helper cells were cultured in DMEM low glucose medium supplemented with 10% fetal bovine serum (PAA, Austria). Th cells were seeded at concentration 5 × 10 6 cells/well into 24-well plates (PAA, Austria).
Flow Cytometry.
Homogeneity of the purified T helper populations was proved using monoclonal antibodies antihuman CD3 FITC and anti-human CD4 PE. Anti-human CD4 FITC, anti-human HLA-DR PE, and anti-human CD69 PE antibodies were used to assess the surface expression of the activation markers by CD4+ T lymphocytes cultured in AT-MSCs conditioned medium as well as the control T helper cultures. Identification of T helper cells expressing surface CD25 and intracellular FoxP3 was performed using CD4 PerCP-Cy 5.5, anti-human CD25 FITC, anti-human FoxP3 PE and FoxP3 Buffer set following the standard procedure recommended by the producer company. All the antibodies and the machines (FACSCalibur) used were purchased from Becton Dickinson, CA, USA.
Enzyme Linked Immunosorbent Assay (ELISA).
Supernatants from Th lymphocytes cultured with AT-MSCs conditioned medium or from control Th cell cultures as well as samples of AT-MSCs conditioned medium were tested for the presence of IL-2, IFNγ, IL-10, and TGFb by Human Instant ELISA (Bender MedSystems, Austria) following strictly the manufacturer's instructions. With the aim to assess any signs of apoptosis of the CD4+ T cells cultured in AT-MSCs conditioned medium or CD4+ control cells the Proteome profiler human apoptosis kit (R&D Systems, MN, USA) was used as this test is capable to establish the intracellular expression of Bad, Bax, Bcl-2, Bcl-x, Pro-Caspase-3, Cleaved Caspase-3, Catalase, clap-1, clap-2, Claspin, Clusterin, Cytochrome C, TRAIL R1/DR4, TRAIR R1/DR5, FADD, Fas/TNFSF6, HIF-1α, HO-1/HMOX1/HPS32, HO-2/HMOX2, HSP27, HSP60, HSP70, HTRA2/Omi, Livin, PON2, p21/CIP1/CDNK1A, p27Kip1, Phospho-p53(S15), Phospho-p53(S46), Phosphop53(S392), Phospho-RAD17(S635), SMAC/Diablo, Survivin, TNF RI/TNFRSF1A, XIAP.
Proteome Profiler
2.9.
Software. The programs CellQuest and WinMDI 2.9 were used for analysis of the flow cytometry data. Image J program (NIH, Bethesda, MD, USA) was used for analysis of the results from the Human Cytokine array panel A array kit and Proteome profiler human apoptosis kit.
Statistics.
Statistical analyses of cytokine concentrations were performed using paired Student's t-test. Data were presented as mean ± standard deviation (SD). Statistical significance was established at P < 0.05.
Results
Secreted Factors Present in AT-MSCs Conditioned Medium Cause an Increase of the Numbers of T Helper Cells Expressing
FoxP3. The procedure followed in our experiments leads to isolation of a very homogeneous population of CD3+CD4+ T helper lymphocytes (Figures 1(a) and 1(b) ). Cultivation of these cells in AT-MSCs conditioned medium did not cause any alterations in the expression of the activation markers CD69 and HLA-DR (data not shown). However, cultures of Th cells in conditioned medium caused an increase of the numbers of CD4+ T lymphocytes expressing FoxP3 (Figure 1(d) ) as compared to the same parameter in control cells (Figure 1(c) ). This effect was found for both T helpers positive for the surface expression of CD25 and for T helpers negative for CD25 and was recorded in all samples tested from individual donors (Table 1) . So, it is obvious that some secreted factors present in AT-MSCs conditioned medium induce a specific upregulation of the transcription factor FoxP3 which defines the Treg subpopulation regardless of the expression of CD25.
Secreted Factors Present in AT-MSCs Conditioned Medium Caused an Upregulation of the IL-10 Secretion by T Helper
Lymphocytes. The search of secreted cytokines revealed the presence of TGFβ in very low concentrations in both CD4+ T cells cultured in AT-MSCs conditioned medium and control CD4+ T medium samples in all cases tested (Figure 2(a) ). No statistically significant differences were found for the concentrations of IFNγ or IL-2 in experimental or control samples in each experiment with donor lymphocytes (Figures 2(b) and 2(c) ). In contrast to these findings statistically significant higher concentration of IL-10 was detected in supernatants from CD4+ T cells cultured in AT-MSCs conditioned medium in comparison to the control supernatants (Figure 2(d) ). This increased secretion of IL-10 was recorded in all cases of Th cells cultured in AT-MSCs conditioned medium. It should be pointed out that the ATMSCs conditioned medium itself did not contain any IL-10, and this gives us ground to conclude that the increased concentration of this cytokine by T helpers cultured in AT-MSCs conditioned medium is due to its secretion by activated Th lymphocytes.
Secreted Factors in AT-MSCs Conditioned Medium Did Not Induce any Changes in the Pro-and Antiapoptotic Factors in T Helper Lymphocytes.
One of the possible ways for MSCs to alter the T helper cells is the influence of the process of apoptosis, and in order to check this possibility the presence and changes of the intracellular proapoptotic or antiapoptotic factors were assayed in the same experimental design. However, no significant differences were found between Th cells cultured in AT-MSCs medium and the control cells (data not shown).
AT-MSCs Conditioned Medium Contains Some
Chemokines and IL-6. Repeated testing of the AT-MSCs conditioned medium showed that it contained several chemokines with known effect on T helper cells and just a single cytokine with proven immunoregulatory effect. The chemokines were Groα, RANTES, Serpin E, IL-8, and SDF-1 and from the cytokines the IL-6 was found to be with quite high concentration in the AT-MSCs conditioned medium. These chemokines and IL-6 were found in negligible concentrations in control culture medium which point to their secretion by AT-MSCs (Figure 3) . 
Discussion
The results obtained showed that when homogeneous population of CD4+ T lymphocytes was cultured in ATMSCs conditioned medium, the percentage of the T helpers expressing FoxP3 is increased as both CD25+ and CD25− cell subpopulations were affected. The role of the CD4+CD25+FoxP3+ cells as the major immunosuppressive factor has been known for a rather long time. It has been described that these cells can originate directly from the thymus and are designated as natural (nTregs) or can differentiate under the influence of cytokines in the periphery and are called induced (iTregs) [13, 19, 27] . The major cytokines responsible for inducing the differentiation of iTregs are most probably IL-2 and TGFβ [28] . We could not detect these cytokines in the AT-MSCs conditioned medium, but judging on the increased percentage of CD4+CD25+FoxP3+ it can be speculated that other cytokines may be involved in this process as discussed in the following. Further on, our results revealed that under the influence of AT-MSCs conditioned medium, the percentages of the recently described subpopulation CD4+CD25−FoxP3+ increase as well. These cells were found to be increased in SLE patients and were considered to be progenitors of CD25+ cells [24] . Different opinions are discussed in the specialized literature as some authors expressed some doubts whether this subpopulation is immunoregulatory by itself [18] , but the prevailing opinion is independently to the expression of CD25, the FoxP3 by itself exert functional suppression [13, 17, 21, 29] . Based on this assumption the regulatory cells are more often designated as CD4+FoxP3+ [18, 19] . It is commonly accepted that the CD4+FoxP3+ cells express their immunosuppressive effects through the secretion of TGFβ and/or IL-10 [12, 15, 17, 18] . In our studies we did not record an increased secretion of TGFβ by CD4+ T lymphocytes cultured in AT-MSCs medium. It is quite possible that under experimental design used in our experiments this cytokine is being expressed as membrane-bound form at the surface of the CD4+ T lymphocytes as such a mechanism has been described for CD4+FoxP3+ cells and still is able to express its suppressive effect [14, 19] . However, statistically significant increase was found for IL-10 secreted by CD4+ T lymphocytes cultured in AT-MSCs conditioned medium. The secretion of IL-10 by CD4+FoxP3+ cells is considered to be one of the most important mechanisms via which this cell subpopulation exerts the immunosuppressive function [30, 31, 31] . IL-10 is an anti-inflammatory cytokine which inhibits the secretion of proinflammatory cytokines by the macrophages and dendritic cells [30] . It inhibits the activities of Th17 [31] and the differentiation of blood monocytes into dendritic cells [11, 30] . One of the most significant immunoregulatory effects is the induction of tolerance in dendritic cells by inhibition of molecules which are crucial for antigenic presentation such as the B7 complex [11] . Moreover, IL-10 directly inhibits the CD28 expression on Th surface, and this molecule is the specific ligand for the B7 complex. Our previous results have shown that AT-MSCs upregulate the secretion of IL-10 by monocytic dendritic cells [11] . However, under the experimental conditions described it cannot be claimed that the CD4+FoxP3+ cells are the only source of the IL-10, but having in mind the It is known that in parallel to its anti-inflammatory effect the IL-10 has proapoptotic effect on dendritic cells as shown in a previous paper [11] . The present studies did not find any changes with regard to the expression of the intracellular proor antiapoptotic factors in CD4+ T lymphocytes cultured in the presence of AT-MSCs conditioned medium. It has been reported that the MSCs in general realize their immunomodulatory functions either through direct contact between the cells [6] or through secretion of cytokines.
As mentioned above AT-MSCs conditioned medium was used in our experiments which means that the observed effects are due to the presence of secreted factors in the medium. Chemokines such as Groα, RANTES, Serpin E, IL-8, and SDF-1 which influence the chemotaxis of the T lymphocytes were shown to be present in the conditioned medium samples. So, it can be assumed that the process of immunosuppression realized by the AT-MSCs would be initiated with recruiting the T lymphocytes as the first step of the process.
Several types of secretory factors secreted by MSCs have been reported in the literature which can influence the formation of CD4+FoxP3+ cells, and these include IDO, TGFβ, INOs, PGE2, HLA-G5, I-309, IL-10, IL-6 [6] [7] [8] [9] 31] .
In our experiments the presence of IL-6 solely was recorded in samples of AT-MSCs conditioned medium although we searched for TGFβ, I-309, and IL-10, too. A probable explanation of this fact would be the assumption that MSCs secrete a number of cytokines after being stimulated by other cytokines [3] . Thus, after stimulation with IFNγ the MSCs secrete I-309 which on its side induces the formation of Tregs [8] while the direct contact and IL-10 secretion have a key role in induction of the secretion of HLA-G5 which would have the same effect [9] . Our results show that such an induction is not needed for the secretion of IL-6 by AT-MSCs. The generally accepted views for IL-6 hold that it is a proinflammatory cytokine which has a role in inhibition of the Tregs and stimulation of the Th17 immune response [18, 32] . However other data would suppose that the function of IL-6 should be reassessed because of its reported immunosuppressive activity. IL-6 causes increased secretion of IL-10 and can exert antiapoptotic activity [7, 33] . It has been reported that MSCs secrete high levels of IL-6, and this secretion correlates directly with inhibition of the T cells, inhibition of the differentiation of the dendritic cells, and inhibition of the secretion of proinflammatory cytokines as well [34] . Similarly, the IL-6 increases the secretion of other immunosuppressive factors such as INOs and PGE2 by MSCs acting by an autocrine mechanism [35] and also directly causes an increase of the numbers of newly described CD8+FoxP3+ immunoregulatory cells [29, 36] . The numerous activities of the IL-6 mentioned give ground to discuss its role as an anti-inflammatory cytokine. In agreement with the above cited data and our own results it can be speculated that under the influence of the IL-6 secreted by nonstimulated AT-MSCs the number of IL-10 secreting CD4+FoxP3+ cells increases, and thus AT-MSCs realize an indirect immunosuppressive effect via the Tregs. Really it should not be claimed that the IL-6 is the only one cytokine in this process since most of the factors modulating CD4+FoxP3+ cell functions have not been tested in our experiments. Most probably the cytokine induction of MSCs to secrete immunosuppressive factors as well as the direct cell-to-cell contacts with the subsequent secretion of HLA-G5 would be of high importance. Previous results from our laboratory have shown the presence of HLA-G5 in the cytoplasm of AT-MSCs [37] as the effect of this molecule with regard to the Tregs cells has been described in several papers [1, [5] [6] [7] .
Conclusion
In conclusion, the results obtained show that under the influence of factors secreted by AT-MSCs the numbers of CD4+FoxP3+ lymphocytes are increased and the secretion of IL-10 is upregulated in purified CD4+ T cell population.
It can be supposed that the presence of IL-6 is very important for this process. Similar effects of MSCs on the FoxP3+ cells and secretion of IL-10 have been described in other papers [2, [6] [7] [8] [9] but bone-marrow-derived MSCs and umbilical cord-derived MSCs have been used, and they were cocultured with heterogeneous cell mixture of PBMCs. Original features in our experiments are the use of ATMSCs conditioned medium and a homogeneous population of CD4+ T lymphocytes. Under these conditions there is no direct cell-to-cell contact which might activate the AT-MSCs by other cell types, and the "native" or "passive" secretion of cytokines by AT-MSCs and their effects on the purified T helper cells were observed.
